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ABSTRACT: The work aims to explore the corrosion mechanism and corrosion process of 20Cr steel in different sodium
aluminate solutions with different S>~ concentrations. 20Cr steel was subjected to high temperature immersion corrosion test and

electrochemical test in different S*~ concentration solutions. Combined with scanning electron microscope (SEM), X-ray energy
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disperse spectroscopy (EDS), X-ray diffraction (XRD) and other analytical techniques, the microstructure, element content and
composition of corrosion products were observed. The corrosion rate of the sample was analyzed by weight loss method,
polarization curve and AC impedance map. With the concentration of S*~ from 0 g/L to 5 g/L, the corrosion rate increased from
3.43 g/(m*-d) to 25.20 g/(m*d), and the corrosion product increased gradually. The corrosion rate decreased to 21.30 g/(m*-d)
when the concentration of S*~ was 6 g/L. The results of EDS showed that with the increase of S%” concentration, the content of
chromium in corrosion products increased, the total content of iron decreased, and the content of oxygen and aluminum
increased first and then decreased. XRD results showed that the phase composition of the corrosion product changed from Fe;0,
and FeOOH to Fe;0,, FeCr,04 and FeS after S>~ was added. Electrochemical tests showed that when the S~ concentration
ranged from 0 g/L to 5 g/L, the corrosion current density increased from 22.87 pA/cm’ to 586.02 pA/cm? and when the >
concentration was 6 g/L, the current density decreased to 183.06 pA/cm®. When the concentration of S*” is in the range of 0~
5 g/L, the corrosion rate of 20Cr steel increases gradually, and FeS is formed in the corrosion product. The addition of S*~ can
promote the corrosion reaction and destroy the dense corrosive formed when no sulfur element is added. After the S*
concentration exceeds 5 g/L, a dense FeCr,0, spinel oxide is formed, which adheres to the surface of the sample and inhibits
corrosion.

KEY WORDS: 20Cr steel; S*~ concentration; sodium aluminate solution; electrochemistry; high temperature immersion
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Tab.1 Table of chemical composition of 20Cr steel
wt.%

C Si Mn Cr Fe
0.22 0.32 0.71 1.00 Bal.
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Fig.1 Surface micro-morphology of 20Cr steel after corrosion for 5 days in
different S*~ concentrations of sodium aluminate solution
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Fig.2 Morphologies and energy spectra of corrosion products of 20Cr steel (surface scan)
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Tab.2 EDS spectrum analysis results of corrosion products at different S?~ concentrations (surface scan)

wt.%
Concentration of $*7/(g-L™) (0] Na Al Si S Cr Mn Fe
0 16.97 0.33 1.30 0.30 0.00 1.88 0.33 78.89
3 20.96 0.58 2.40 0.05 12.19 3.42 0.48 59.93
4 21.75 0.60 2.01 0.06 11.77 3.93 0.54 59.34
5 25.04 0.46 2.05 0.48 5.51 4.04 0.61 61.82
6 19.33 1.62 1.19 0.04 16.78 5.69 0.60 54.74
2.1.2 B memE s XMt o RTEARBINBRLIC R B F R AR M ER I 5 g/L

B3t SEM 15 EDS R4 8 N T ihtkbix ST IERIRENACT SR ESEE I 5 d 19 20Cr Ak
WA T E RN S i, sk e g . T XRD 20AT. WA 3 B, 20Cr FEAE R BN IC
PRALE, FIF XRD X R A ol i R W RIRERR TR IR BB R S d R, R IRy
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Fig.3 XRD patterns of corrosion products of 20Cr steel
after 5 days immersion corrosion
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Fig.4 Corrosion weight loss curve of 20Cr steel in different
S?” concentrations of sodium aluminate solution
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Fig.5 Polarization curves of 20Cr steel at different
S?” concentrations
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Tab.3 Data fitting of polarization curves for 20Cr steel at
different S*~ concentrations

Concentration Jeorr Veorr
Ngl™) Beon/mV: ) iAcem™?)  (mmea™)
0 -1201.6 22.87 0.2691
3 -1256.0 154.13 1.8129
4 -1316.9 167.73 1.9729
5 -1279.2 586.02 6.8928
6 -1264.4 183.06 2.1532
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8 o 3R bR PR A B Y S ek e
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Fig.6 Nyquist curves of 20Cr steel after 5 days
immersion corrosion indifferent S?~ concentrations
of sodium aluminate solution
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Fig.7 Equivalent circuit of Nyquist curve of 20Cr steel

after 5 days immersion corrosion indifferent $>~
concentrations of sodium aluminate solution

3000 | 2890
2500
2000
1500 |

674.2

60 F 5485 5140
0 F :
Pt 402

0 1 2 3 4 5 6
Concentration of S>/(g - L™)
Pl 8 20Cr 8 T AR LR L fr S5 A% L B R, B ™ v B 1 28 Ak
Fig.8 Change of charge transfer resistance R, of 20Cr steel
working electrode with different S~ concentrations
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